Introduction. Cell lines of different origin are widely used in many laboratories all over the world, beginning with fundamental research in science and ending with biotechnological synthesis in industry and cellular therapy [1, 2] . Nearly 4 000 cell lines are maintained in cell bank of ATCC. Majority of human permanent cell lines are of cancer origin, malignant and characterized by considerable karyotypes changes, disruption of mitotic spindle and aberrant regulation of mitotic apparatus [3, 4] . Most of human permanent cell lines were either obtained from tissues of embryonic origin, or immortalized by viral transformation or by introducing vector designs with specific genes, for instance, telomerase gene [5, 6] . Only about 30 cell lines are normal, but they are primary cultures. Therefore, the novel cell line 4BL, obtained from peripheral blood of healthy donors in our department, is of particular interest. The cell line 4BL successfully passes Hayflick limit and is cultivated for more than 220 passages.
We also derived novel mouse embryonic germ cells lines G1, G4, G6 and G7 from genital bumps of 12.5-day embryos of laboratory mouse of inbred line BALB/c.
An adaptation of cells to artificial support in vitro and lack of immune system inevitably lead to the change in primary characteristics of cell, including the karyotypic one. The clones of cells with selective advantages are characterized by higher genetic instability [3] . They tend to give rise to the cell line due to their better survival rate, and act as a source of further genetic and epige-netic changes [3, 7] .
DNA methylation is a major mechanism of epigenetic regulation of genes [8, 9] . Undesirable DNA methylation occurs upon the action of endogenous and exogenous alkylation compounds. Methylation of O 6 position of guanine is especially dangerous, as O 6 -methylguanine is recognized as adenine, so it binds with thymine instead of cytosine [10] . As a result, the transitions GC > AT are generated [11] . Reparative enzyme O 6 -alkylguanine-alkyltransferase (AGT), better known as O 6 -methylguanine-DNA-methyltransferase (MGMT), repairs this type of damage, transferring methyl residue to its own cysteine residue [12] . We have investigated the expression of MGMT at different stages of the development of the human and mice cell lines to test the activity of reparative system in response to mutational processes that occur during the adaptation of cells to cultivation conditions in vitro. The cytogenetic analysis was performed to determine the nature of chromosomal rearrangements at different stages of the formation and stabilization of cell lines, and also after the treatment of cells with stress factors. Thus, the aim of the research was a comparative analysis of the karyotypes and the level of expression of MGMT at different stages of formation and stabilization of the human cell line 4BL and the line of embryonic germ cells of mouse G1.
Materials and methods. We used the cell population of the new cell lines 4BL obtained from the peripheral blood of a healthy donor [13] and a new line of embryonic germ cells of mouse G1 derived from genital bumps of 12.5-day embryos of laboratory mouse inbred line BALB/c [14] . The cells were cultivated in standard medium DMEM («Sigma», USA) with the addition of 100 U/ml penicillin, 100 mg/ml of streptomycin and 10 % fetal calf serum.
Chromosome preparations for cytogenetic studies were obtained according to the standard protocol [6, 15] . Metaphase chromosomes were stained by 10 % of Giemsa stain, GTG-staining and differential QFH/AcDcoloring. Chromosomes were analyzed at the magnification of 1000 times, using a light microscope Olympus BX41, equipped with automated analysis system «CytoVision 4.01». 200 metaphase plates (m. p.) of each passage were examined. The chromosomes structure was analyzed at the level of 400-550 bands per haploid set. To determine the structural rearrangements, the international cytogenetic nomenclature ISCN-2013 was used [16] .
For Western-blot analysis, the proteins were isolated from the samples and concentration was measured by Bradford's method [17] . The protein extract was studied using SDS-electrophoresis in 12 % of polyacrylamide gel by Lemmli [18] . We used monoclonal antibodies against MGMT («Novus Biologicals Littleton», USA) and secondary species-specific antibody conjugated with horseradish peroxidase («Jackson ImmunoResearch», USA). Identification of MGMT in cells extract was conducted according to the recommendation of the antibodies manufacturer. Control of the uniformity of protein application was carried out by densitometric evaluation of the total amount of protein transferred to the membrane, by the program Origin Pro 8.5.
Establishment of mouse germ cell line G1. To identify common patterns of genomic evolution during the establishment of cell line G1, the standard cytogenetic analysis was conducted at 24, 53, 68, 104 and 140 passages. The distribution of frequency of individual karyotypes is presented in Fig. 1 .
The normal mouse karyotype includes 19 pairs of autosomes and one pair of sex chromosomes, so diploid set of chromosomes 2n = 40. At 24 th passage slight divergence of distribution curves was observed with peaks in near-diploid and near-hexaploid area. By 53 passages the frequency of near-diploid cells decreased, and by 68 passage distribution pattern changed dramatically: the distribution curve became asymmetric, with a peak in near-diploid region and subsequent almost linear decrease of frequency of karyotypes with high number of cells. However, at 104 passage the frequency of near-diploid cells dropped sharply, modal class of near-hexaploid cells was detected. At 140 passage near-hexaploid modal class remained, a small peak in near-tetraploid area and a trace pool of near-diploid cells were observed.
It is known, that the Hayflick limit for most primary cultures of human and mouse cells is 30-50 divisions [19] . Reaching this limit is accompanied by the aging of cell culture, and the onset of the stage of terminal stop of proliferation. Probably, in case of cell line G1, the high-ploid cells reached the Hayflick limit earlier, so in cell population, close to 68 passage, the selection took place in the direction of near-diploid cells. During the immortalization of cell line, the aging stage is changing to the stage of crisis [20] . The majority of cells die, but a small percent of cells survive and become capable of unlimited division due to the karyotype rearrangements, changes in gene dosage and aberrant regulation of the mitotic apparatus.
Thus, dramatic change in the distribution of frequency of individual karyotypes and pivotal change in the direction of karyotypic evolution during short period of time from 53 to 68 passages are most probably explained by the crisis of cell line G1, and its transition to the immortalized state.
During further development of the cell line G1, there was no stabilization of near-diploid karyotype, and the trends to polyploidization were observed: most of the cell population had a near-hexaploid karyotype to 140 th passage. As shown previously [21] , this phenomenon is due to the weakening of mitosis checkpoint and mutation of one allele of the gene Trp53, which leads to the functional inactivation of p53.
This protein is involved in regulation as a regulator of a number of cellular processes, including -DNA repair [22] . The expression of the reparative enzyme MGMT is indirectly regulated with the involvement of p53. It has been shown, that p53-deficient cells have a reduced baseline of MGMT [23] .
Analysis of the MGMT expression at the protein level in the cell line G1 was performed (Fig. 2, A) . At early stages of the evolution of cell line a steady increase in the MGMT expression was detected. The maximum value of this index was fixed at 71 and 75 passages -that is, at approximately the same stage of the cell line, at which a sharp change in direction of karyotypic evolution was observed.
We revealed that the functional inactivation of p53 did not cause the deficit of MGMT. We have sugges- ted that this phenomenon was associated with the presence of a powerful factor that causes the induction of MGMT -namely, genetic material lesions [24] , which accompanied the establishment of cell line G1. These injuries were manifested in the form of cells polyploidization and were accompanied by numerous structural rearrangements, including a significant percentage of Robertsonian translocations.
As an indicator of genetic instability of the culture was chosen the coefficient of variation, calculated for distribution of karyotypes frequencies at different stages of the cell line establishment. The comparison of these data with the data of Western blot analysis is shown in Fig. 2 , B. Both analyzed parameters increased at the early passages, reached maximum values at 70-80 passages, and declined at the later (< 100) passages.
Since the data obtained did not allow direct calculation of the correlation coefficient between these two parameters, an interpolation of the curves was performed, using software OriginPro8.1. The data were also used to calculate the Pearson correlation coefficient.
The calculated value of the correlation coefficient for unmodified form of MGMT was 0.41, with a significance level p £ 0.05 -whereas the reliable correlation for this enzyme in modified form was not found.
Interestingly, that the dynamics of frequencies of Robertsonian translocations had distinct inverse correlation with the coefficient of variation of the distribution of frequencies of karyotypes. It was maximal at the stabilization stage of the cell line. This is probably due to the fact that the formation of Robertsonian translocation is the mechanism of reduction of the number of chromosomes in the process of polyploidization.
Thus, two main stages of the evolution of the cell line G1 are described:
-establishment stage, accompanied by increasing structural instability and induction of reparative enzyme MGMT;
-stabilization stage, characterized by the formation of near-hexaploid modal class, and lower levels of the expression of MGMT protein.
Establishment of human cell line 4BL. The same research was carried out on material of cell populations of the line 4BL. Analysis of the distribution of karyotypes frequencies at different stages of karyotypic evolution of the cell line is presented in Fig. 3 .
In contrast to the mouse germ cell line G1, polyploidization was not typical for karyotypic evolution of the cell line 4BL: near-diploid modal class remained at all stages of karyotypic evolution. At 133 passages the nature of distribution changed: a curve of disturbance became asymmetric with maximum in near-diploid area, almost complete lack of hyperploid, and pronounced peak in the area of 11-20 chromosomes were observed. Thus, we can assume that this stage of the cell evolution was a crisis stage and cell line became immortalized, then the stabilization stage followed.
Similarly to the mouse germ cell line G1, the establishment stage of karyotypic evolution of the cell line 4BL was also accompanied by the increase of structural instability, then came the stabilization phase.
The comparative data on the coefficient of variation of karyotypes frequencies and the level of the expression of MGMT protein at different stages of cultivation of the cell line 4BL are presented on the Fig. 4 . The Pearson correlation coefficient was calculated, it was 0.59 (p £ 0.001).
It should be noted that, as opposed to the mouse cell line G1, the MGMT protein in unmodified form completely disappeared at the stabilization phase of the cell line 4BL. To exclude the possibility of a complete deletion of the gene MGMT, the comparative genomic hybridization was conducted at the 205 passage of cultivation of the cell line 4BL. The presence of MGMT promoter and its methylation status were studied by PCR analysis. The results of comparative genomic hybridization indicate the presence in the cell population of deletion in 10q26 region, where the MGMT gene is located, but this deletion has mosaic character, confirming the results of PCR analysis. Thus, the total loss of this gene in the cell line 4BL does not occur at any stage of its karyotypic evolution.
CORRELATION OF MUTAGENESIS LEVEL WITH EXPRESSION OF REPARATIVE ENZYME
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The study on the promoter methylation level demonstrates that in the cell population 4BL both methylated and unmethylated alleles were revealed (the research was performed by Iatsyshyna in the laboratory of B. Kaine). So, it cannot be postulated that the MGMT protein in unmodified form (24 kDa) disappears due to the lack of transcription of this gene.
We can conclude that although the nature of chromosomal and genomic mutations in the cell lines G1 and 4BL differ significantly, the stages of structural instability and stabilization had different duration, but in both lines there was observed a correlation between the level of structural genomic instability and the level of expression of reparative enzyme MGMT.
Perhaps this is one of the compensatory mechanisms activated by the genome destabilization and the stress factors, associated with the adaptation of the cells to cultivation in vitro. This assumption is confirmed by the data of [12] , which showed the key role of MGMT in the survival of the cell population under stress condition and under the influence of mutagens with different mechanisms of the damaging effects.
To verify the above-mentioned assumption, the cell line 4BL, which was on the early phase of stabilization (passage 165) was subjected to the stress of destabilizing factor: cultivation for 24 h in medium M2, which has altered ionic composition, and is characterized by increased ionic strength. Karyotyping was performed at the 160 passage (before stress factor action) and at the 205 passage. Nullisomy Changes in the coefficient of variation of karyotypic evolution are presented in Fig. 5 . From 160 th passage the coefficient of variation for this characteristic noticeably decreased, but after exposure to stress factors, sharp rise of the curve with the formation of a new peak, higher than the previous one, was observed. According to the results of cytogenetic analysis, the cells processing with the stress factor probably led to the reconversion of the cell population to the state of structural instability.
At the same time, the analysis of MGMT expression in the cell lines, that were exposed to the same stress factor (Fig. 6 ) was performed. Immediately after treatment, clear inhibition of the MGMT expression was observed with the almost complete disappearance of the protein, but within 10 days after treatment this phenomenon changed to induction of the expression of MGMT protein in modified form, this pattern persisted through the next 5 days, and in 26 days the appearance of enzyme in unmodified form was revealed.
Based on our and literature data presented above, we can assume that complete inhibition of expression of MGMT in both modified and unmodified forms under the influence of the medium M2 with high ionic strength led to the disruption of cells adaptation to cultivation in vitro that, in turn, caused the re-emergence of structural genomic instability. On the other hand, the increased genome structural instability led not only to increasing the expression of MGMT protein in modified form, typical for the cell line 4BL at the stabilization stage, but also to the induction of the expression of MGMT in unmodified form, which was typical for the cell line 4BL at the establishment stage, characterized by high structural instability of the genome. Conclusions. The adaptation of cells to cultivation in vitro is accompanied by the induced mutation process associated with the period of structural genomic instability. The immortalization of cell lines is accompanied by the crisis stage, which is characterized by the sharp increasing of genomic instability and intensive selection in the cell populations. During further evolution of the cell lines, the stage of structural instability is changed by the stabilization stage, with the formation of dominant modal class with a certain number of chromosomes.
Statistically significant correlation of the MGMT expression with the degree of genomic instability during spontaneous immortalization and establishment of the cell lines was revealed.
Complete inhibition of the MGMT expression under the stress factor on the stage of cell line stabilization led to the re-growth of genomic instability in the cell populations, indicating the essential role of this enzyme in the maintenance of adaptation of the established cell lines to cultivation in vitro. The re-growth of genomic instability after exposure to the stress factor, in turn, led to the increased expression of MGMT, in particular, to the induction of expression of this protein in its canonical (24 kDa 
